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the final precipi tat ion at - -30~ was diluted with 
two volumes of water,  acidified with HC1, and the 
f a t t y  acids were extracted. All f a t ty  acid fract ions 
were weighed, and the Hanus  iodine value and refrac-  
tive index were determined. The results are shown in 
Table ]I .  

Discussion 
From a consideration of the data in Table I show- 

ing the effect of vary ing  the mole ratio of urea  to 
menhaden-oil f a t t y  acids, it is evident that  there is 
considerable selectivity in the f a t t y  acids precipi tated 
when the moles of urea  present are less than the quan- 
t i ty  required for  maximum precipitation.  Thus, at a 
mole ratio of 4.6, the f a t ty  acids obtained f rom the 
precipitates are highly saturated,  but  at higher mole 
ratios more unsa tura ted  f a t ty  acids are eomplexed by 
urea. 

F rom the analysis of menhaden oil and the results 
in Table I it would appear  that  v i r tual ly  all the satu- 
rated and monoenoic f a t ty  acids are precipi tated at a 
mole ratio in the region of 12:1 to 13:1. When the 
mole ratio is fu r the r  increased, more of the less stable 
dienoic fa t ty  acid complexes are precipitated.  This 
observation is in agreement  with the results of Red- 
lich and co-workers (7), who observed that  substances 

T A B L E  I I  

Cha rac t e r i s t i c s  of F r a c t i o n s  Ob ta ined  f rom Mar ine -Oi l  F a t t y  Acids  by 
U r e a  a Crys ta l l i za t ion  a t  D i f f e ren t  T e m  

F a t t y  acids  

F r o m  M e n h a d e n  Oil 
To ta l  f a t ty  ac ids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
25~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I~  f r a c t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- -18~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 30~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n p r e c i p i t a t e d  f a t ty  ac ids  in f i l t rate .  ..... 

F r o m  H e r r i n g  Oil  
T o t a l  f a t ty  ac ids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
25~ f r ac t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1~ f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 1 8  C. f r ac t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 30~  f r a c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n p r e c i p i t a t e d  f a t ty  acids  in f i l t ra te  ...... 

F r o m  T u n a - B o d y  Oil c 
T o t a l  fa t ty  acids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
25~ f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I~  fraction..~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - l S ~  f r a c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! ..... 
- - 30~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n p r e c i p i t a t e d  f a t t y  ac ids  in f i l t ra te .  ..... 

F r o m  Seal  e l l a  
T o t a l  fa t ty  acids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
25~ f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I~  f r a c t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 18~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 30~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n p r e c i p i t a t e d  f a t ty  ac ids  in  f i l t ra te  ...... 

F r o m  Sa lmon-Egg  Oil 
T o t a l  f a t ty  ac ids  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
25~ f r ac t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1~ f r a c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- -18~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 30~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n p r e c i p i t a t e d  f a t ty  ac ids  in  f i l t ra te  ..... 

F r o m  S a l m o n - H e a d - a n d - u  Oil 
T o t a l  f a t ty  acids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
25~ f r ac t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1~ f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 18~  f r a c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 30~  f r ac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n p r e c i p i t a t e d  f a t ty  ac ids  in  f i l t rate .  .... 

*eratures 

Veig~ Hanus  
(g . )  I . V .  

50 .0  ] 59.5  
13 .9  19.4  

8.7 46 .0  
3.0 82.7  
0.1 

24 .2  2 5 5 . 0  

50 .0  136 .4  
12.2  47 .7  

9.1 55.2  
4 .7  75.8  
1.9 92.9  

21 .2  2 4 6 . 0  

50 .0  149 .6  
6.9 27 .7  
9.2 42 .4  
3.9 61.9  
0.1 ...... 

24 .8  243 .1  

50 .0  129 .0  
5.4 52.3  

10.1  63.3  
3.4 75.5  
2.6 116 .5  

24 .7  210 .5  

50 .0  206 .8  
10 .7  46 .7  

9.2 82 .9  
5.0 153 .0  
0.2 ...... 

24 .5  2 9 0 . 0  

50 .0  1 4 4 . 6  
6.0 43 .7  

12 .0  59 .5  
5.5 119 .5  
0.1 ...... 

17 .1  2 4 1 . 6  

R e f r a c t i v e  
index  b 

1 .4705  
1 .4431  
1 .4548  
i . 4 6 0 l  
1 .490] .  
1 . 4891  

1 . 4 7 3 6  
1 . 4 5 7 0  
1 . 4 5 7 5  
1 . 4 6 6 7  
1 . 4 6 8 7  
1 .4899  

1 . 4 7 0 7  
1 . 4 3 3 6  
1 . 4 5 6 7  
1 . 4 5 9 4  
1 . 4 8 6 5  
1 . 4 8 6 7  

1 . 4 7 8 4  
1 . 4 5 8 4  
1 . 4 5 9 2  
1 . 4 6 2 3  
1 . 4 6 9 2  
1 . 4 7 7 5  

1 . 4 7 5 7  
1 . 4 5 6 7  
1 . 4 5 9 5  
1 . 4 7 1 1  
1 . 5 1 7 4  
1 . 4 9 5 3  

1 . 4 7 2 9  
1 .4573  
1 . 4 5 9 2  
1 . 4 5 9 9  
1 . 4 7 6 0  
1 . 4 8 6 7  

a F r a c t i o n a t i o n s  w e r e  made  in  me thano l  so lu t ion  a t  a mole  r a t io  of 
u r e a  to fa t ty  ac ids  of app rox ima te ly  9 : 1 .  

b All  r e f r a c t i v e  index  va lues  a re  ca lcu la ted  to 20~ by use  of the 
f ac to r  - - 0 . 0 0 0 3 6 5  p e r  degree .  

c The  sample  of tuna-body  oil con ta ined  a cons iderab le  amoun t  of 
oxidized f a t ty  acids .  

a The  seal-oil  f a t t y  ac ids  con t a ined  some wa~y ac id ic  subs t ance  t h a t  
was  only modera te ly  sohtble in  m e t h a n o l  

forming unstable urea complexes were capable of pre- 
cipitation f rom mixtures  of reactants.  Fu r the rmore  
the data indicate that  f a t t y  acids with more than  two 
double bonds are not present  in the precipi tates in 
other than  minute  quantities. 

The results of these experiments  show that  f a t t y  
acid fract ions of almost any  desired iodine value 
ranging  to above 300, a degree of unsa tura t ion  cor- 
responding to three to four  double bonds per  mole- 
cule, can be p repared  readily f rom menhaden oil or 
f rom other oils of similar characterist ics.  

The experiments  dealing with the effect of tempera-  
ture on the precipitates bear out the previous results. 
In  addition, f rom the data in Table I I  it is evident 
that  menhaden oil has a considerably higher content 
of sa tura ted  f a t t y  acids than  any  of the other oils 
used in this work. This fact  is borne out by  published 
analyses of the oils. 

The fract ions precipi tated at - -18~ and the very  
small yields obtained at --30~ contain appreciable 
amounts  of the dienoic f a t t y  acids whereas the 25~ 
and ]~ fractions contained no measurable quanti- 
ties of these acids. An especially high proport ion of 
dienoie acids is apparen t ly  present  in the complexes 
obtained f rom the salmon oils. 

Summary 
In  two series of experiments, mar ine -an imal -o i l  

f a t ty  acids were f ract ionated with urea  using metha- 
nol as solvent. 

In  the first series, menhaden-oil  f a t t y  acids were 
f rac t ionated at I~ Almost all the sa tura ted  and 
monoenoic f a t t y  acids were removed at mole ratios of 
12:1 to 13:1. At  higher ratios increasing amounts of 
the less stable dienoic f a t ty  acids were precipitated.  
By the use of the appropr ia te  ratio, fract ions having 
iodine values above 300 were prepared.  

In  the second series, f a t t y  acids f rom the  oils of 
menhaden, herring,  tuna,  seal, salmon eggs, and sal- 
mon heads and viscera were f rac t ionated at a mole 
ratio of urea  to f a t t y  acid of 9.2:1. At  25 ~ and 1 ~ 
the complexes were composed almost ent irely of satu- 
ra ted  and monoenoic f a t t y  acids, bu t  as the tempera-  
ture was lowered to - -30 ~ the content of dienoic f a t ty  
acids in the precipi tates  increased. 
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CORRECTION 
From the Netherlands J.  P. Sp ruy t  writes that  the word squalene which 

appeared  in his paper  i n t h e  Apr i l  1955 issue (vol. 32, pp. 197-200) should 
have been squalane instead. His  correction on the galley proof  apparen t ly  was 
overlooked by the pr in te r  and editorial staff. 


